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TITLE OF THE INVENTION 

POSITIVE ELECTRODE ACTIVE MATERIAL FOR ALKALINE 
STORAGE BATTERY, POSITIVE ELECTRODE USING THE SAME AND METHOD 
OF PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to a positive 
electrode active material capable of yielding a high- capacity 
alkaline storage battery, a positive electrode using the same 
and a method of producing the same. More specifically, the 
present invention relates to a method of producing a positive 
electrode wherein the physical properties of a positive 
electrode active material is optimized to facilitate the 
control of manufacturing process and to reduce variations in 
the filled amounts of the active material into the electrodes. 



w At present, secondary batteries are installed in 

ft? 

portable devices, typified by cellular phones and notebook- 
size personal computers. Accordingly, there has been a strong 
demand for secondary batteries having an increased capacity. 
In response to such demand, studies have been carried out in 
order to obtain a high-capacity positive electrode for use in 
alkaline storage batteries such as nickel -cadmium storage 
batteries and nickel-metal hydride storage batteries. As 
methods for obtaining a high-capacity positive electrode, a 
method of filling a large amount of an active material into a 
positive electrode, and another method of improving the 
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utilization of the active material itself are being 

investigated. 

As a positive electrode with a large filled amount 
of the active material, a sintered type positive electrode has 
heretofore been employed, which is fabricated by precipitating 
nickel hydroxide in a substrate having a pore size of 10 Mm 
and a porosity of approximately 80% made of sintered nickel 
powders. Also, as a substitute for the above electrode, a so- 
called paste type positive electrode is being developed, which 
is fabricated by directly filling nickel hydroxide powders 
into a foamed metal core of a three-dimentional structure 
having a pore size of 500 um and a porosity of approximately 
95% (hereinafter, referred to as a foamed metal sheet). 

It is effective to use, as nickel hydroxide to be 
filled into the foamed metal sheet, spherical, substantially 
spherical, or oval-shaped nickel hydroxide particles in place 
of conventional indefinite shape nickel hydroxide particles 
(Japanese Examined Patent Publication No. Hei 4-80513). The 
spherical, substantially spherical or oval-shaped nickel 
hydroxide powder is generally obtained through precipitation 
by neutralization. In this method, an acidic aqueous solution 
of nickel is added dropwise into an aqueous alkaline solution 
in a reaction vessel under stirring, while an aqueous alkaline 
solution is added dropwise in the reaction vessel so as to 
maintain the pH of the solution in the vessel at a fixed value. 
The concentrations and flow rates of the respective solutions 



to be added into the reaction vessel are controlled and the 
solution in the reaction vessel is retained for a certain 
period of time, whereby the formation of core particles and 
the growth of the particles are successively performed. 
During this process, the particles are subjected to shearing 
force due to stirring and are gradually formed into a 
spherical shape. 

The following two types of techniques are examples 
of the technique for improving the utilization of the active 
material . 

The first is a technique for either modifying or 
improving the crystallinity or crystal structure of nickel 
hydroxide. Nickel hydroxide has a layered structure of 
hexagonal system. Since the charge/ discharge reaction 
accompanies the entering and leaving of protons to and from 
such crystal, it is desired to orient the crystal alignment of 
nickel hydroxide in the c-axis direction in order to increase 
the utilization of the active material. This shortens the 
distance of the proton transfer in the solid phase and 
increases the area of the reaction site. Herein, the crystal 
state or crystallinity of the active material is able to be 
determined from the intensity or full width at half maximum 
(FWHM) of a peak attributed to (001) face, (100) face, (101) 
face or the like in the X-ray diffraction pattern (Japanese 
Pat. No. 3,080,441) . 

In addition, another technique has been employed, 



which controls the crystal structure of nickel hydroxide 
during charging/discharging by adding Co, Cd, Zn, Mg, Ca, Sr, 
Ba, Al r Mn or the like in the crystal of nickel hydroxide. 
This can suppress the degradation of the electrode due to the 
change of the crystal structure, whereby high utilization of 
the active material is able to be maintained for a long period 
(See Japanese Unexamined Patent Publication No. Hei 3-78965). 

The second is a technique for remarkably improving 
the utilization of nickel hydroxide by adding a conductive 
agent, particularly a cobalt compound, into nickel hydroxide. 
Since a foamed metal sheet has a large pore size and nickel 
hydroxide has a poor conductivity, it is effective to add a 
conductive agent into a paste type positive electrode. For 
example, in the case where cobalt hydroxide is used as a 
conductive agent, cobalt hydroxide is converted into 
electrically conductive cobalt oxyhydroxide and deposited on 
the surface of nickel hydroxide particles during the initial 
charging after the assembly of the battery. Thus, the 
utilization of the active material is increased by as much as 
several tens of percents as compared with the case where 
cobalt hydroxide is not used (Japanese Unexamined Patent 
Publication No. Sho 61-49374). In addition, a coating 
technique for effectively placing a small amount of cobalt on 
the surface of nickel hydroxide particles (U.S. Pat. 
6,040,007), a modification technique for improving the 
electrical conductivity of cobalt have been employed. These 



techniques have further improved the utilization of nickel 
hydroxide (Japanese Unexamined Patent Publication No. Hei 11- 
97008) . 

In an alkaline storage battery, a gas generated at 
the end of discharging needs to be absorbed into the negative 
electrode. Therefore, the negative electrode is required to 
be provided with a larger capacity than the positive electrode. 
Further, when there are significant variations in the capacity 
of the positive electrodes, it is necessary to make the 
capacity of the negative electrode larger than normally 
required, in consideration of the largest possible capacity of 
the positive electrode. From this, it is considered that 
reducing variations in the filled amounts or utilizations of 
the active material in the positive electrodes is also 
important in order to provide a battery with an increased 
capacity. By reducing variations in the capacity of the 
positive electrodes to decrease the capacity of the negative 
electrode, a larger amount of the positive electrode active 
material is able to be filled into the battery. 

However, in the case of a paste type positive 
electrode, it is difficult to reduce variations in the 
capacity of the positive electrodes. A paste type positive 
electrode is fabricated by mixing a nickel hydroxide powder 
with a dispersion medium such as water to form a paste, 
filling the paste in a foamed metal sheet, drying and rolling 
the sheet. In this case, the changes of, for example, the 



particle shape, particle size distribution and specific 
surface area of the nickel hydroxide powder pose the following 
problems on the paste. 

(1) The viscosity and flowability of the paste 
change to cause variations in the operations of filling the 
paste into the foamed metal sheet, thereby fluctuating the 
filled amount of the positive electrode active material. 

(2) Although increasing water content in the paste 
improves the properties of the paste, it results in a 
relatively lower amount of the active material in the paste, 
thereby decreasing the filled amount of the paste into the 
foamed metal sheet. 

(3) Although adding a thickener stabilizes the 
properties of the paste, the thickener decomposes inside the 
battery, thereby reducing the high-rate charge/ discharge 
characteristics as well as charge/discharge cycle 
characteristics . 

(4) Even when the rolling is performed under a fixed 
condition, the density of the active material of the obtained 
molded sheet (paste type positive electrode) fluctuates. 

The above -described problems are considered to be 
attributed to the fact that particles having protuberances and 
hollows of various sizes, for example, gourd-shaped particles 
are present in a large amount within the nickel hydroxide 
powder used for preparing the paste. 



BRIEF SUMMARY OF THE INVENTION 

In order to solve the foregoing problems , the 
inventors of the present invention studied the relation in 
detail between the physical properties of the active material 
and each of the flowability of the paste and the density of 
the active material in the electrode. As a result, the 
inventors found that an active material which satisfies all of 
the following requirements (1) to (5) is able to yield a high- 
capacity electrode, thus accomplishing the present invention. 

More specifically, the present invention relates to 
a positive electrode active material for an alkaline storage 
battery comprising: at least one selected from the group 
consisting of a nickel hydroxide powder and a nickel 
oxyhydroxide powder, 

(1) the positive electrode active material having a 
mean particle circularity from not smaller than 0.95 to not 
larger than 1, 

(2) the positive electrode active material having a 
mean particle size from not smaller than 5 urn to not larger 
than 20 um on a volume basis, 

(3) the positive electrode active material having a 
specific surface area from not smaller than 5 m 2 /g to not 
larger than 20 m 2 /g f and 

(4) at least the nickel hydroxide powder having an 
X-ray diffraction pattern where a full width at half maximum 
(FWHM) of a peak attributed to (101) face is from not less 



than 0.7 deg/2 0 to not more than 1.2 deg/2# and a peak 
intensity ratio of a peak attributed to (001) face to a peak 
attributed to (101) face is not less than 1.1. 

In particular, the particle circularity of an active 
material is considered to have a great influence on the 
flowability of an electrode paste and the active material 
density of an electrode. Generally, in a nickel hydroxide 
powder obtained through precipitation by neutralization 
process under stirring, primary particles and secondary 
particles are either bonded to one another or aggregated 
within the same group. Accordingly, conventional active 
materials contain particles having many protuberances and 
hollows on the surfaces thereof. Among such particles, a 
particle which has grown without being subjected to shearing 
force caused by stirring on its surface has a considerably low 
circularity because of the irregular crystal growth. 

It is preferred that the whole or a portion of the 
positive electrode active material have a cobalt compound on 
the surface thereof. In other words, it is preferred that the 
whole or a portion of at least one selected from the nickel 
hydroxide powder and the nickel oxyhydroxide powder have a 
cobalt compound on the surface thereof. 

It is also preferred that the nickel hydroxide 
powder comprise a solid solution nickel hydroxide containing 
at least one selected from the group consisting of Co, Cd, Zn, 
Mg, Ca, Sr, Ba, Al and Mn. 



Further, it is preferred that the nickel 
oxyhydroxide powder comprise a solid solution nickel 
oxyhydroxide containing at least one selected from the group 
consisting of Co, Cd, Zn, Mg, Ca, Sr, Ba, Al and Mn. 

It is preferred that the number of particles having 
a circularity of not larger than 0 . 85 account for not more 
than 5% of the number of total particles within the positive 
electrode active material. In addition, it is further 
preferred that at a point where a cumulative volume accounts 
for 10% of the total volume in a volume basis size 
distribution of particles within the positive electrode active 
material, the particle size coordinate be not smaller than 
one- third of the mean particle size of the active material. 

The volume basis size distribution of particles 
within the active material as used herein means the 
distribution which demonstrates the relation between the size 
of particles contained in the active material and the 
cumulative volume of the particles. 

The present invention also relates to a positive 
electrode for an alkaline storage battery which includes the 
above positive electrode active material. 

The present invention further relates to a method of 
producing a positive electrode for an alkaline storage battery 
comprising the steps of: (a) preparing a paste containing the 
above positive electrode active material; and (b) adding the 
paste to a metal substrate serving as a current collector and 
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then rolling the substrate with the paste to form an electrode 
plate. 

As described above, the present invention is 
attained with an idea of converting the shape of the active 
material particles into a numerical value and control the same, 
thereby making it possible to provide an active material of 
substantially uniform shape. Further, the present invention 
employs an active material of substantially uniform shape to 
control the physical properties of a paste containing the 
active material and to reduce variations in the filled amounts 
of the active material in the positive electrodes, thereby 
constantly supplying a high-capacity battery. Moreover, 
according to the present invention, since the shapes of 
particles contained in the active material are made uniform, 
the particles become less distorted during the 
charging/discharging of the battery to suppress the 
degradation of the electrode due to swelling with the 
electrolyte, so that a battery with a long cycle life is able 
to be obtained. 

While the novel features of the invention are set 
forth particularly in the appended claims, the invention, both 
as to organization and content, will be better understood and 
appreciated, along with other objects and features thereof, 
from the following detailed description taken in conjunction 
with the drawings. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

Fig. 1 is a diagram for illustrating the definition 
of a particle circularity. 

Fig. 2 shows graphs respectively depicting: (a) 
distribution demonstrating the relation between the circle 
equivalent diameter and the particle circularity; (b) number 
basis circularity distribution; and (c) volume basis size 
distribution, of the particles contained in Powder of Example 
3. 

Fig. 3 shows images of the particles contained in 
Powder of Example 3: image (a) of particles having a size from 
not smaller than 10 Mm to not larger than 20 Mm; and image (b) 
of particles having a size from not smaller than 5 Mm to 
smaller than 10 Mm. 

Fig. 4 shows images of the particles contained in 
Powder of Comparative Example 1: image (a) of particles having 
a size from not smaller than 10 Mm to not larger than 20 Mm; 
and image (b) of particles having a size from not smaller than 
5 Mm to smaller than 10 Mm. 

Fig. 5 shows graphs (a) to (d) respectively 
depicting the filled amount distributions of the active 
materials in Positive electrodes of Examples 1 to 3 and 
Comparative Example 1. 

DETAILED DESCRIPTION OF THE INVENTION 

A positive electrode active material for an alkaline 
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storage battery in accordance with the present invention is 
characterized by its physical properties relating to the size, 
shape and the like. In particular, the most remarkable 
feature of the positive electrode active material lies in that 
a mean value of particle circularity is from not less than 
0.95 to not more than 1. A positive electrode in accordance 
with the present invention is able to be produced by preparing 
a paste containing the positive electrode active material, 
filling or applying the paste to a metal substrate serving as 
a current collector, rolling the substrate with the active 
material and then forming it into an electrode plate. 

Recently, particle image analysis is being 
vigorously employed in order to obtain detailed information on 
the size or the shape of fine particles. Particle image 
analysis is also employed as the most basic method for 
measuring particle sizes. A particle circularity determined 
by this method is regarded as one of the common 
characteristics in the field of the battery active material 
(Japanese Unexamined Patent Publication No. 2000-226206). 

In order to capture the image of a particle, a so- 
called flat sheath flow utilizing hydrodynamics is employed. 
A suspension of particles aspirated into a particle image 
analyzer is introduced into a flat cell and transformed into a 
flat sample flow. The sample flow is irradiated with a 
stroboscopic light and then images of particles passing 
through the cell are captured as still images by a CCD camera 
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via an objective lens. Each particle in the sample flow is 
hydrodynamically controlled so as to pass through the center 
of the cell. Accordingly, particle images are always captured 
in focus. In general, each captured particle image is 
analyzed in real time. The circle equivalent diameter and the 
particle circularity are calculated from the area and 
perimeter of the projected image of the particle. 

The irradiation of a stroboscopic light is performed 
at an interval of approximately l/30th of a second, and then 
images of particles present within the frame of the camera are 
captured. After a predetermined number of images are captured, 
the number of particles contained in the sample flow per unit 
volume is quantitatively determined from the number of the 
particle images, the number of particles, the thickness of the 
cell and the size of the frame. Accordingly, the mean value 
of particle circularity is able to be calculated on a number 
basis, whereas the particle size distribution is able to be 
calculated on either a number or volume basis . 

Next, the definition of a particle circularity will 
be described by referring to FIG. 1. 

A circularity of a particle is a value obtained by 
dividing the perimeter of an equivalent circle having the same 
projected area as the projected image of the particle, by the 
perimeter of the projected image of the particle. In order to 
obtain a particle circularity, the projected images of 
captured particles are classified according to the sizes. In 
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the case of the flow type particle image analyzer FPIA-2100 
manufactured by Sysmex, which was used in the examples 
described later, the projected images of particles are 
classified into seven different groups according to the sizes. 
Each projected particle image is divided into 512 x 512 pixels 
and each pixel is binarized. 

FIG. 1 shows an example of a binarized projected 
particle image 1. In the case where the above-mentioned 
analyzer FPIA-2100 is used, the length of side "L" of the 
equilateral rectangle including the projected particle image 1 
is from 1 to 160 um. Next, an equivalent circle 2 having the 
same projected area as the projected particle image 1 is 
obtained. The diameter of the equivalent circle 2 is 
calculated as a circle equivalent diameter and used as a 
particle size. Further, the length of a frame 3, which is 
obtained by connecting the central points of the pixels 
located on the outermost periphery of the projected particle 
image 1, is determined as the perimeter of the projected 
particle image. Then, the particle circularity is obtained by 
dividing the perimeter of the equivalent circle 2 by the 
perimeter of this projected particle image, that is, the 
length of the frame 3. 

The particle circularity is 1 when the projected 
particle image is a perfect circle and is less than 1 when the 
projected particle image is oblong or has unevenness . For 
example, the particle circularity of an equilateral hexagon is 



0.952, that of an equilateral pentagon is 0,930, that of an 
equilateral tetragon is 0.886 and that of an equilateral 
triangle is 0.777. In the case of tetragons, the particle 
circularity of a tetragon with an aspect ratio of 1:5 is 0.660, 
that of a tetragon with an aspect ratio of 1:7 is 0.586 and 
that of a tetragon with an aspect ratio of 1:17 is 0.405. In 
the case of particles of indefinite shape, the mean particle 
circularity slightly varies according to the scaling factor of 
the projected image or the number of pixels. However, it is 
considered that there is no substantial difference in mean 
circularity among particles of indefinite shape as long as 
commercially available particle image analyzers are used. 

The mean value of the particle circularity of 
particles contained in an active material of the present 
invention is from not less than 0.95 to not more than 1. When 
the mean circularity decreases to less than 0.95, the 
properties of the paste containing the active material become 
unstable, thus reducing the active material density in the 
positive electrode as well as the capacity of the positive 
electrode. Moreover, the high-rate discharge characteristic 
of the battery is deteriorated. 

Further, the number of particles having a 
circularity of not larger than 0.85 preferably accounts for 
not more than 5% of the number of total particles contained in 
the active material of the present invention. When the number 
of particles having a circularity of not larger than 0.85 



accounts for more than 5% of the number of total particles, 
the properties of the paste may become unstable even if the 
mean value of the particle circularity is from not less than 
0.95 to not more than 1. Furthermore, the capacity of the 
positive electrode or the cycle life of the battery may be 
decreased. 

An active material having a mean particle 
circularity from not smaller than 0.95 to not larger than 1, 
wherein the number of particles having a circularity of not 
larger than 0.85 accounts for not more than 5% of the number 
of total particles, is able to be obtained by applying 
shearing force stronger than that conventionally applied, to 
nickel hydroxide particles growing in the reaction vessel. 
With the use of such active material, the properties of the 
paste are stabilized, and the adding amounts of the dispersion 
medium, thickener and the like are able to be reduced to a 
minimum, thereby increasing the active material density in an 
electrode . 

In a volume basis size distribution of particles 
within the active material, when the particle size coordinate 
at a point where the cumulative volume accounts for 10% of the 
total volume is not smaller than one -third of the mean 
particle size of the active material, the particles contained 
in the active material have a uniform size, so that variations 
in the properties of the pastes are further reduced. A powder 
comprising such particles is able to be obtained, for example. 



by narrowing the range of the manufacturing and control 
conditions of the powder, or by classifying the powder. More 
specifically, it is effective to increase the stirring rate of 
the powder dispersion in a reaction vessel during the powder 
manufacturing, and to strictly control the temperature, the pH 
and the like of the aqueous solution in the reaction vessel 
during the neutralization process . 

An active material in accordance with the present 
invention preferably has a mean particle size from not smaller 
than 5 um to not larger than 20 urn on a volume basis. When 
the mean particle size of the active material is from not 
smaller than 5 /zm to not larger than 20 urn on a volume basis, 
it is possible to produce a high- density electrode exhibiting 
high utilization for a long period. When the mean particle 
size of the active material is less than 5 fim on a volume 
basis and a conductive agent is added in a positive electrode, 
each particle within the active material is difficult to be 
applied with particles of the conductive agent. Therefore, 
the conductive network is poorly formed in the electrode, 
resulting in a decrease in the utilization of the active 
material. Conversely, when the mean particle size of the 
active material exceeds 20 urn on a volume basis, the inner 
part of the particle hardly participates in the 
charge/discharge reaction, thereby reducing the utilization of 
the active material. 

From the same point of view, the active material in 
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accordance with the present invention preferably has a 
specific surface area from not smaller than 5 m 2 /g to not 
larger than 20 m 2 /g. When the specific surface area of the 
active material is less than 5 m 2 /g, the surface area of the 
active material particle, which participates in 
charging/ discharging, is reduced, thereby decreasing the 
utilization of the active material. Conversely, when the 
specific surface area of the active material exceeds 20 m 2 /g, 
the number of pores within the particles increases, so that a 
large amount of water is required for the preparation of the 
paste. Furthermore, this results in an uneven distribution of 
electrolyte in the battery, reducing the utilization of the 
active material at a high-rate discharge. 

In an active material in accordance with the present 
invention, at least the above -described nickel hydroxide 
powder has an X-ray diffraction pattern where a FWHM of a peak 
attributed to (101) face is from not less than 0.7 deg/2 0 to 
not more than 1.2 deg/2 0 and a peak intensity ratio of a peak 
attributed to (001) face to a peak attributed to (101) face is 
not less than 1.1. When the nickel hydroxide powder has such 
X-ray diffraction pattern, it is possible to produce an 
electrode having an even higher active material density and 
exhibiting high utilization for a long period. When the FWHM 
is less than 0.7 deg/2 0, the crystallinity of nickel hydroxide 
is extremely high, or the crystal of nickel hydroxide grows in 
the a-axis direction. Accordingly, the charge /discharge 
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reaction does not proceed smoothly, thereby reducing the 
utilization of the active material. Conversely, when the FWHM 
exceeds 1.2 deg/2 0 , the crystal structure of nickel hydroxide 
is disordered and thus the structure is difficult to be 
maintained for a long period, shortening the cycle life of the 
obtained battery. When the peak intensity ratio is less than 
1.1, the crystal structure of nickel hydroxide grows in the a- 
axis direction. Therefore, the charge /discharge reaction does 
not proceed smoothly, reducing the utilization of the active 
material . 

It is preferred that the nickel hydroxide powder 
comprise a solid solution nickel hydroxide containing at least 
Co, Cd, Zn, Mg, Ca, Sr, Ba, Al, Mn or the like. It is 
preferred that such elements other than Ni be contained in the 
solid solution nickel hydroxide at 3 to 15 mol% to the amount 
of nickel in the solid solution. 

It is also preferred that the nickel hydroxide 
powder contain nickel hydroxide particles having a cobalt 
compound attached to the surface thereof. The nickel 
hydroxide particle having a cobalt compound attached to the 
surface thereof includes a nickel hydroxide particle having a 
cobalt compound precipitated on the surface thereof and a 
nickel hydroxide particle on which a cobalt compound is simply 
applied and the like. Also, a portion or the whole of the 
particle surface may be coated with a cobalt compound. 

As the above-mentioned cobalt compound, for example. 
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cobalt hydroxide and cobalt oxyhydroxide may be preferably 
used. Herein, the cobalt oxyhydroxide includes any cobalt 
oxyhydroxide in which Co has a mean oxidation number of more 
than 2 and not more than 3.67. Particularly, a cobalt 
compound in which Co has an oxidation number of not less than 
3.0 and which contains an alkali cation is preferably used. 

The nickel hydroxide powder may be used after being 
subjected to oxidation using, for example, an oxidant in an 
aqueous alkaline solution. In this case, the nickel hydroxide 
powder is entirely or partially oxidized and converted into a 
nickel oxyhydroxide powder. Herein, the nickel oxyhydroxide 
includes any nickel oxyhydroxide in which Ni has a mean 
oxidation number of more than 2 and not more than 3.67. In 
the case where the nickel hydroxide powder has cobalt 
hydroxide on the surface thereof, the cobalt hydroxide may be 
oxidized simultaneously with the nickel hydroxide. 

The amount of the cobalt compound to be attached to 
the active material is preferably from 3 to 15 parts by weight 
per 100 parts by weight of the sum of nickel hydroxide and 
nickel oxyhydroxide contained in the active material - 

Herein, since the crystallinity of a nickel 
oxyhydroxide powder significantly varies depending on the 
oxidation state, it is not necessary to control the FWHM or 
the peak intensity ratio in an X-ray diffraction pattern as 
described above. On the other hand, it is effective to 
control the FWHM or peak intensity ratio in an X-ray 
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dif fraction pattern of a nickel hydroxide powder as a starting 
powder before oxidation to produce a nickel oxyhydroxide 
powder as described above. 

The above-mentioned nickel hydroxide powder is able 
to be prepared as follows. 

To an aqueous alkaline solution having a constant pH 
in the range from 10 to 13 in a reaction vessel under strong 
stirring, an acidic solution containing a nickel ion and an 
acidic aqueous solution of an ammonium salt are added. At 
this time, an aqueous alkaline solution is further added into 
the reaction vessel so as to maintain the pH of the aqueous 
solution in the reaction vessel at a constant value within the 
range of 10 to 13. This operation is conducted either 
successively or continuously, and then a suspension containing 
nickel hydroxide overflowing the top of the reaction vessel is 
collected. This suspension is filtered to obtain a 
precipitation, and the obtained precipitation is washed with 
water to yield a nickel hydroxide powder. In order to prepare 
a solid solution nickel hydroxide powder, it is effective that 
the acidic solution containing a nickel ion further contains 
at least an ion of Co, Cd, Zn, Mg, Ca, Sr, Ba, Al or Mn. 

In the case where cobalt hydroxide is attached to 
the surface of a nickel hydroxide powder, the nickel hydroxide 
powder is dispersed in an aqueous alkaline solution having a 
constant pH in the range from 9 to 12 in a reaction vessel. 
Subsequently, an acidic aqueous solution of cobalt ion is 
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added into the solution, along with either an aqueous ammonia 
solution or an acidic aqueous solution of an ammonium salt . 
At this time, an aqueous alkaline solution is further added in 
the reaction vessel so as to maintain the pH of the aqueous 
solution in the reaction vessel at a constant value within the 
range of 9 to 12. Thereafter, the powder is separated from 
the suspension in the reaction vessel, washed and dried to 
give a desired powder. Or alternatively, other methods, for 
example, a method in which a nickel hydroxide powder is mixed 
with a cobalt hydroxide fine powder may be employed. 

In the above-described method, it is possible to 
manipulate the composition, particle circularity, particle 
size, specific surface area and crystallinity of the obtained 
active material by managing and controlling the composition, 
concentration, temperature and flow rate of each of the 
various solutions, as well as the temperature, pH, stirring 
rate and retention time of the aqueous solution in the 
reaction vessel. According to the above method, it is also 
possible to constantly produce a desired powder. In order to 
make the particle size distribution of the powder even sharper, 
it is effective to classify the powder by means of a 
classifier such as a wet or dry centrifugal classifier. 

The positive electrode of the present invention is 
able to be produced by preparing a paste containing the above- 
described active material, adding the paste thus obtained to a 
metal substrate serving as a current collector (e.g. a foamed 
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metal sheet) and rolling the substrate with the active 
material. It is preferred that the paste contain 0.1 to 5 
parts by weight of an additive selected from the group 
consisting of yttrium oxide, ytterbium oxide and lutetium 
oxide, 0.05 to 0.5 part by weight of a thickener and 0.05 to 
0.5 part by weight of a binder, per 100 parts by weight of the 
active material. As the thickener, for example, celluloses 
such as carboxymethyl cellulose, poly (ethylene oxide), or 
poly (vinyl alcohol) is preferably used. As the binder, for 
example, polytetraf luoroethylene or a fluorine- containing 
rubber is preferably used. 

EXAMPLES 

In the following, the present invention will be 
concretely described by reference to examples, but the present 
invention is not limited to these examples, 
(i) Production of positive electrode active material 
Powder of Example 1 

An aqueous solution of sulfate at 25*C containing 
nickel ion and zinc ion at a molar ratio of 9:1 was prepared. 
This aqueous solution of sulfate was continuously supplied, 
along with an aqueous solution of ammonium sulfate, into an 
aqueous solution of sodium hydroxide at 35^ having a pH of 12 
in a reaction vessel under stirring, constantly. At the same 
time, an aqueous solution of sodium hydroxide at 25X2 was 
continuously supplied into the reaction vessel, constantly. 
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Also, the concentrations and temperatures of the aqueous 
solution of sulfate and the aqueous solution of sodium 
hydroxide were each maintained constant. The temperature in 
the reaction vessel was also maintained constant by means of a 
heater. During the operation, the pH of water in the reaction 
vessel was observed to be 12. Then, a suspension constantly 
overflowing the reaction vessel was filtered to obtain a 
precipitation, and the obtained precipitation was washed with 
water and dried to give Powder of Example 1. 

Powder of Example 2 

Powder of Example 2 was obtained in the same manner 
as that used for the production of Powder of Example 1 except 
that the stirring rate was increased for the aqueous solution 
of sodium hydroxide in the reaction vessel at 35°C having a pH 
of 12. 

Powder of Example 3 

Particles having relatively smaller sizes were 
removed from the particles contained in Powder of Example 2 by 
means of a dry centrifugal classifier (Cyclone) to give Powder 
of Example 3. 

Powder of Example 4 

Powder of Example 3 was dispersed in an aqueous 
solution of sodium hydroxide having a pH of 10 in a reaction 
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vessel. Subsequently, an aqueous solution of cobalt sulfate, 
and an aqueous solution of ammonium sulfate and hydrazine were 
added dropwise into the solution in the reaction vessel. 
Further, em aqueous solution of sodium hydroxide was added 
dropwise into the reaction vessel so as to maintain the pH of 
the aqueous solution in the reaction vessel at 10. At this 
time, the amount of the aqueous solution of cobalt sulfate was 
adjusted such that 5 parts by weight of cobalt hydroxide per 
100 parts by weight of nickel hydroxide was precipitated on 
the surface of the nickel hydroxide particles. These 
operations yielded Powder of Example 4, which was a solid 
solution nickel hydroxide powder having cobalt hydroxide 
attached to the surface thereof. 

Powder of Comparative Example 1 

An aqueous solution of sulfate containing nickel ion 
and zinc ion at a molar ratio of 9:1 was prepared. This 
aqueous solution of sulfate was continuously supplied, along 
with an aqueous solution of ammonium sulfate, into em aqueous 
solution of sodium hydroxide at 35^ having a pH of 12 in a 
reaction vessel under stirring, constantly. Herein, the 
stirring rate for the aqueous solution of sodium hydroxide was 
decreased to half the stirring rate used for manufacturing 
Powder of Example 1. At the same time, an aqueous solution of 
sodium hydroxide was intermittently supplied into the reaction 
vessel so as to maintain the pH value of a pH meter installed 
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in the reaction vessel at approximately 12. Whereas the 
temperatures in the reaction vessel was maintained constant by- 
means of a heater, the temperatures of the aqueous solution of 
sulfate and the aqueous solution of sodium hydroxide each 
supplied into the reaction vessel were not controlled. Then, 
the suspension constantly overflowing the reaction vessel was 
filtered to obtain a precipitation, and the obtained 
precipitation was washed with water and dried to give Powder 
of Comparative Example 1. 

(ii) Evaluation of physical properties of powder 

The following are the evaluated items and the 
evaluating apparatus. 

( 1 ) Chemical composition : 

ICP elemental quantification method 

(2) Particle size distribution/Particle circularity: 

Flow type particle image analyzer manufactured by 
Sysmex, FPIA-2100 

(3) Specific surface area: 

ASAP2000 manufactured by SHIMADZU CORPORATION 
BET method with Nitrogen adsorption 

(4) X-ray diffraction pattern: 

RINT2000 manufactured by Rigaku Corporation 
Measurement condition; tube voltage 40 mV, 
tube current 40 mA 
Cu target 



-27- 



(iii) Result of measurement on physical properties of powder 

Powder of Example 1 was a solid solution nickel 
hydroxide powder containing 6.3 wt% of Zn. Powder of Example 

1 had a mean circularity of 0.95, a mean particle size of 13.0 
urn on a volume basis and a specific surface area of 12 m 2 /g. 
Further, Powder of Example 1 had an X-ray diffraction pattern 
where the FWHM of a peak attributed to (101) face was 0.95 
deg/2 0 and the peak intensity ratio of a peak attributed to 
(001) face/a peak attributed to (101) face was 1.4. The 
number of particles having a circularity of not larger than 
0.85 accounted for 10% of the number of total particles within 
Powder of Example 1. In the volume basis size distribution of 
particles within Powder of Example 1, the particle size 
coordinate was 3.5 urn at a point where the cumulative volume 
accounted for 10% of the total volume. 

Powder of Example 2 was a solid solution nickel 
hydroxide powder containing 6.3 wt% of Zn. Powder of Example 

2 had a mean particle circularity of 0.96, a mean particle 
size of 12.8 um on a volume basis and a specific surface area 
of 12 m 2 /g. Further, Powder of Example 2 had an X-ray 
diffraction pattern where the FWHM of a peak attributed to 
(101) face was 0.95 deg/2 0 and the peak intensity ratio of a 
peak attributed to (001) face/a peak attributed to (101) face 
was 1.4. The number of particles having a circularity of not 
larger than 0.85 accounted for 5% of the number of total 



-28- 



particles within Powder of Example 2. In the volume basis 
size distribution of particles within Powder of Example 2, the 
particle size coordinate was 3.3 urn at a point where the 
cumulative volume accounted for 10% of the total volume. In 
the case of Powder of Example 2, the frequency of the number 
of particles having a circularity of not larger than 0.85 was 
less than that of Powder of Example 1. 

Powder of Example 3 was a solid solution nickel 
hydroxide powder containing 6.3 wt% of Zn. Powder of Example 
3 had a mean particle circularity of 0.97, a mean particle 
size of 14.0 urn on a volume basis and a specific surface area 
of 11 m 2 /g. Further, Powder of Example 3 had an X-ray 
diffraction pattern where the FWHM of a peak attributed to 
(101) face was 0.95 deg/2 0 and the peak intensity ratio of a 
peak attributed to (001) face/a peak attributed to (101) face 
was 1.4. The number of particles having a circularity of not 
larger than 0.85 accounted for 2.5% of the number of total 
particles within Powder of Example 3. In the volume basis 
size distribution of particles within Powder of Example 3, the 
particle size coordinate was 6.4 iim at a point where the 
cumulative volume accounted for 10% of the total volume (see 
FIG. 2 (c)). Although the particles having a size of not 
larger than 3 Mm was not be able to be completely removed by 
the classification process, the share of the particles having 
a size of not larger than 3 urn in Powder of Example 3 was less 
than that in Powder of Example 2 . 
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Powder of Example 4 was a solid solution nickel 
hydroxide powder containing 6.0 wt% of Zn and carrying 5 wt% 
of cobalt hydroxide to the amount of nickel hydroxide on the 
surface thereof. Powder of Example 4 had a mean particle 
circularity of 0.96, a mean particle size of 14.2 urn on a 
volume basis, and a specific surface area of 8 m 2 /g. Further, 
Powder of Example 4 had an X-ray diffraction pattern where the 
FWHM of a peak attributed to (101) face was 0.98 deg/2 0 and 
the peak intensity ratio of a peak attributed to (001) face/a 
peak attributed to (101) face was 1.4. The number of 
particles having a circularity of not larger than 0.85 
accounted for 2.6% of the number of total particles within 
Powder of Example 4. In the volume basis size distribution of 
particles within Powder of Example 4, the particle size 
coordinate was 6.2 um at a point where the cumulative volume 
accounted for 10% of the total volume. 

Powder of Comparative Example 1 was a solid solution 
nickel hydroxide powder containing 6.3 wt% of Zn. Powder of 
Comparative Example 1 had a mean particle circularity of 0.94, 
a mean particle size of 14.0 um on a volume basis and a 
specific surface area of 14 m 2 /g. Further, Powder of 
Comparative Example 1 had an X-ray diffraction pattern where 
the FWHM of a peak attributed to (101) face was 0.95 deg/2(9 
and the peak intensity ratio of a peak attributed to (001) 
face/a peak attributed to (101) face was 1.4. The number of 
particles having a circularity of not larger than 0.85 
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accounted for 10.0% of the number of total particles within 
Powder of Comparative Example 1. In the volume basis size 
distribution of particles within Powder of Comparative Example 
1, the particle size coordinate was 2.8 um at a point where 
the cumulative volume accounted for 10% of the total volume. 

As described above. Powders of Examples 1 to 3, each 
of which was a solid solution nickel hydroxide powder, and 
Powder of Example 4 , which was a nickel hydroxide powder 
having cobalt hydroxide attached to the surface thereof, had a 
mean particle circularity from not smaller than 0.95 to not 
larger than 1, whereas Powder of Comparative Example 1 had a 
mean particle circularity of 0.94. 

FIG. 2 shows graphs respectively depicting: (a) 
distribution demonstrating the relation between a particle 
size as a circle equivalent diameter and a particle 
circularity; (b) number basis distribution of particle 
circularity; and (c) volume basis size distribution determined 
from a circle equivalent diameter, for Powder of Example 3. 
In the distribution (a), the darker the area is, the higher 
the frequency is. 

FIG. 3 shows images of particles contained in Powder 
of Example 3: image (a) of particles having a particle size 
from not smaller than 10 urn to not larger than 20 urn; and 
image (b) of particles having a particle size from not smaller 
than 5 um to smaller than 10 urn. Similarly, FIG. 4 shows 
images of particles contained in Powder of Comparative Example 



1: image (a) of particles having a particle size from not 
smaller than 10 jam to not larger than 20 um; and image (b) of 
particles having a particle size from not smaller than 5 um to 
smaller than 10 Mm. From the comparison between these figures, 
it was found that the particles of Powder of Example 3 shown 
in FIG. 3 had a higher circularity than the particles of 
Powder of Comparative Example 1 shown in FIG. 4. It was also 
found that among the particles shown in FIG. 3, many of the 
particles having a small size had a small circularity. 

(iv) Fabrication of electrode 
Positive electrode of Example 1 

To 100 parts by weight of Powder of Example 1, 5 
parts by weight of cobalt hydroxide having a mean particle 
size of 0.5 M, 0.5 part by weight of yttrium oxide, 0.1 part 
by weight of carboxymethyl cellulose (CMC) as a thickener and 
0.2 part by weight of polytetraf luoroethylene (PTFE) as a 
binder were added. The obtained mixture was further added 
with 30 parts by weight of pure water and mixed by stirring to 
give a paste. The paste thus obtained was successively 
applied and filled, via a die nozzle, to a foamed metal sheet 
having a three -dimentional structure and a pore size of 
approximately 500 urn, which was being conveyed at a constant 
speed. The foamed metal sheet added with the paste was dried 
and then rolled by means of a roll presser. Thereafter, the 
sheet was cut into a predetermined size to obtain a plurality 



(1000 or more pieces) of Positive electrodes of Example 1. 

Positive electrode of Example 2 

1000 or more pieces of Positive electrodes of 
Example 2 were fabricated in the same manner as that used for 
Positive electrodes of Example 1, except for the use of Powder 
of Example 2. 

Positive electrode of Example 3 

1000 or more pieces of Positive electrodes of 
Example 3 were fabricated in the same manner as that used for 
Positive electrodes of Example 1, except for the use of Powder 
of Example 3. 

Positive electrode of Example 4 

To 105 parts by weight of Powder of Example 4 (a 
powder comprising 100 parts by weight of the solid solution 
nickel hydroxide powder and 5 parts by weight of cobalt 
hydroxide attached to the surface thereof), 0.5 part by weight 
of yttrium oxide, 0.1 part by weight of carboxymethyl 
cellulose (CMC) as a thickener and 0.2 part by weight of 
polytetraf luoroethylene (PTFE) as a binder were added. The 
obtained mixture was further added with 30 parts by weight of 
pure water and mixed by stirring to give a paste. The paste 
thus obtained was successively applied and filled, via a die 
nozzle, to the same foamed metal sheet as used for Positive 




electrode of Example 1, which was being conveyed at a constant 
speed. The foamed metal sheet added with the paste was dried 
and then rolled by means of a roll presser. Thereafter, the 
sheet was cut into a predetermined size to obtain 1000 or more 
pieces of Positive electrodes of Example 4. 

Positive electrode of Comparative Example 1 

1000 or more pieces of Positive electrodes of 
Comparative Example 1 were fabricated in the same manner as 
that used for Positive electrodes of Example 1, except for the 
use of Powder of Comparative Example 1. 

(v) Evaluation of filled amount of active material in positive 
electrode 

Evaluation was made on the filled amount of the 
active material for each of the obtained a plurality (1000 or 
more pieces, respectively) of Positive electrodes of Examples 
1 to 3 and Positive electrodes of Comparative Example 1 . The 
distributions of the filled amount of the active material of 
Positive electrodes of Examples 1 to 3 are respectively shown 
in graphs (a) to (c) in FIG. 5. The distribution of the 
filled amount of the active material of Positive electrodes of 
Comparative Example 1 is shown in graph (d) in FIG. 5. Each 
filled amount was converted to a capacity by calculation, with 
the capacity to be gained by one electron reaction of nickel 
hydroxide taken at 289 mAh/g. From FIG. 5, it was shown that 
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the order of the variations in filled amount was Battery of 
Example 3 < Battery of Example 2 < Battery of Example 1 < 
Battery of Comparative Example 1. Therefore, it could be said 
that each of Positive electrodes of Examples was more uniform 
than Positive electrode of Comparative Example 1 in 
theoretical capacity. 

(vi) Fabrication of battery 

Next, nickel-metal hydride storage batteries of 4/5 
SC size were fabricated by using a plurality of the respective 
Positive electrodes of Examples 1 to 4 and Comparative Example 
1. 

Battery of Example 1 

First, a Positive electrode of Example 1 and a 
negative electrode were laminated with a separator interposed 
therebetween, and the whole was rolled up to obtain a spiral 
electrode assembly. A nonwoven fabric of polypropylene having 
hydrophilicity was used as the separator. A positive 
electrode current collector and a negative electrode current 
collector were disposed on the top and bottom of the electrode 
assembly, respectively. Thereafter, the electrode assembly 
was placed in a metal case. At this time, the negative 
electrode current collector was electrically connected to the 
bottom of the metal case, whereas the positive electrode 
current collector was electrically connected to a sealing 
plate equipped with a safety valve. Then, an electrolyte was 
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injected into the metal case, and the case was sealed to 
obtain a Battery of Example 1 . 

The negative electrode used herein was obtained by 
applying onto metal foil, a predetermined negative electrode 
mixture paste comprising a hydrogen storage alloy, and then 
drying and press forming the metal foil with the paste. As 
the electrolyte, an aqueous alkaline solution containing 
potassium hydroxide, sodium hydroxide and lithium hydroxide in 
the respective concentrations of 4 mol/L, 3 mol/L and 1 mol/L 
was used. 

In Batteries of Example 1, the theoretical capacity 
of the negative electrode was made 1 . 4 times higher than the 
theoretical capacity of the positive electrode (a value 
obtained by multiplying the amount of nickel hydroxide (g) by 
the capacity to be gained from one electron reaction of nickel 
hydroxide: 289 mAh/g). In addition, the space in the battery 
excluding the space occupied by the materials and components 
was set at approximately 1.2 cc. 

Battery of Example 2 

Batteries of Example 2 were fabricated in the same 
manner as that used for Batteries of Example 1, except for the 
use of Positive electrodes of Example 2 in place of Positive 
electrodes of Example 1. 

Battery of Example 3 
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Batteries of Example 3 were fabricated in the same 
manner as that used for Batteries of Example 1, except for the 
use of Positive electrodes of Example 3 in place of Positive 
electrodes of Example 1 . 

Battery of Example 4 

Batteries of Example 4 were fabricated in the same 
manner as that used for Batteries of Example 1, except for the 
use of Positive electrodes of Example 4 in place of 
Positive electrodes of Example 1. 

Battery of Comparative Example 1 

Batteries of Comparative Example 1 were fabricated 
in the same manner as that used for Batteries of Example 1 , 
except for the use of Positive electrodes of Comparative 
Example 1 in place of Positive electrodes of Example 1. 

(vii) Evaluation of battery 

Each of Batteries of Examples 1 to 4 and Comparative 
Example 1 was stood still for 24 hours after fabrication* 
Subsequently, the battery was charged at 20t: at a current of 
0.2 A for 15 hours, and then stood still at 20T; for one hour. 
Thereafter, the battery was discharged at at a current of 

0.4 A until the voltage decreased to 1 V. Such 
charging/discharging operation was repeated twice, and then 
the battery was aged at A5°C for one week, thereby obtaining a 
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test battery. By using the test battery, the following 
evaluation was conducted. 
(High-rate discharge characteristic) 

Each test battery was charged at a current of 0 . 2 A 
at 20*C for 15 hours, and then stood still at an ambient 
temperature of 20 6 C for one hour. Subsequently, the battery is 
discharged at a current of 0.4 A at 20XZ until the voltage 
decreased to 1 V. Furthermore, the battery was charged under 
the same conditions as described above and then discharged at 
a current of 10 A. From the discharging time at a current of 
0.4 A and the discharging time at a current of 10 A, the 
battery capacity was calculated for the respective discharging 
processes. Additionally, the capacity at a current of 10 A 
"Cioa" was divided by the capacity at a current of 0.4 A ™C 0 .4a" 
to obtain a percentage value ( % ) . 
(Capacity maintenance rate) 

By the charging method (AT/ At) of detecting a 
temperature increase per unit hour, each test battery was 
charged at a current of 4.0 A, and then suspended for one hour. 
Thereafter, the battery was discharged at a current of 10 A 
until the voltage decreased to 0.6 V. Such charge and 
discharge cycle was repeated at 20°C. Then, the discharge 
capacity at 500th cycle "C 5 oo" was divided by the initial 
discharge capacity w Cini" to obtain a percentage value (%: 
versus the initial capacity) . 

The obtained result, i.e. the battery capacity "Co^a", 
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percentage value " (C 10a /C 0 . 4 a) *100( % ) " and capacity maintenance 
rate "(C 5 oo/Cini)'<100(%)" are shown in TABLE 1. 



TABLE 1 





Co.4A 

(mAh) 


Cioa/ Co.4A 

xl00(%) 


Csoo/Cini 

xl00(%) 


Battery of 
Example 1 


2105 


96 


92 


Battery of 
Example 2 


2153 


97 


95 


Battery of 
Example 3 


2189 


98 


97 


Battery of 
Example 4 


2205 


98 


98 


Battery of 
Com. Ex. 1 


2058 


94 


88 



In TABLE 1, the order of the battery capacity was 
Battery of Example 4 > Battery of Example 3 > Battery of 
Example 2 > Battery of Example 1 > Battery of Comparative 
Example 1. A similar order was also observed for the high- 
rate discharge characteristic and the capacity maintenance 
rate (cycle life). These results indicated that a battery 
having not only higher capacity but also longer cycle life was 
able to be obtained by improving the particle circularity and 
particle size uniformity of the active material. 

It should be noted that although the above Examples 
employed a solid solution nickel hydroxide powder containing 
Zn and a solid solution nickel hydroxide powder having cobalt 
hydroxide attached to the surface thereof, similar effect is 
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thought to be obtained with the use of any nickel hydroxide 
powder containing Co, Cd, Zn, Mg, Ca, Sr, Ba, Al, Mn or the 
like. 

Moreover, when such nickel hydroxide powder has a 
mean particle circularity from not smaller than 0.95 to not 
larger than 1, a mean particle size from not smaller than 5 uui 
to not larger than 20 urn on a volume basis, a specific surface 
area of not smaller than 5 m 2 /g to not larger than 20 m 2 /g and 
an X-ray diffraction pattern where a full width at half 
maximum of a peak attributed to (101) face is from not less 
than 0.7 deg/2 0 to not more than 1.2 deg/2 0 and a peak 
intensity ratio of a peak attributed to (001) face to a peak 
attributed to (101) face is not less than 1.1, it is possible 
to provide a high- capacity battery exhibiting a superior 
charge and discharge characteristic for a long period of time. 

Furthermore, it is considered that the effect of the 
present invention can also be obtained when a solid solution 
nickel oxyhydroxide powder or a solid solution nickel 
oxyhydroxide powder having a cobalt compound attached to the 
surface thereof is used as the active material powder. 

As described above, the present invention provides a 
uniform active material by converting the shapes of particles 
within an active material into numerical values and 
controlling the same. The present invention employs a uniform 
active material to control the physical properties of a paste 
containing the active material, thus facilitating the 
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management per production batch. Also, the present invention 
reduces variations in the filled amounts of the active 
material in positive electrodes and thereby provides high- 
capacity batteries. Furthermore, according to the present 
invention, the shapes of particles within the active material 
are made uniform. This can reduce the distortion of particles 
during charging and discharging of the battery and suppress 
the swelling of the electrode due to the electrolyte, 
providing a battery with long cycle life. 

Although the present invention has been described in 
terms of the presently preferred embodiments, it is to be 
understood that such disclosure is not to be interpreted as 
limiting. Various alterations and modifications will no doubt 
become apparent to those skilled in the art to which the 
present invention pertains, after having read the above 
disclosure. Accordingly, it is intended that the appended 
claims be interpreted as covering all alterations and 
modifications as fall within the true spirit and scope of the 
invention. 



